The lipid compositon of Avena sativa stem segments was malated using BASF 13-338 (formerly Sandoz 9785) and growth temperature, in order to establish whether there were correlations between responsiveness of the tissue to gibberelic acid (GA3) and the presence, before hormone treatment, of specific lipid components. High correlations were obtained between GA3-induced growth and total phospholipid, individual phospholipids, and fatty acids (except for lnolenic acid), total saturated fatty acids, stigmasterol content, and the unsaturated/saturated fatty acid ratio. It was concluded that, although the Upid composition, and particularly the total saturated fatty acid content, seem to be important contributory determinants of the GA,-induced growth response in this system, they may not be obligatory prerequisites, nor the only endogenous factors capable of influencing the response. However, the results are consistent with the hypothesis that membranes are involved in the hormonal mechanism and/or very early stages of the mode of GA3 action in this tissue.
Previous studies using Avena sativa stem segments showed that short-term GA3 treatment resulted in no marked changes in lipid components, although significant growth response to the hormone was achieved (6, 7) . Moreover, it was suggested (8) that GA3 in this system may be acting in a similar way to GA3 in the liposomal system of Wood and Paleg (16) , ie. by interaction with a membrane phospholipid component. Evidence suggests that in model membrane systems lipid composition markedly affects hormonemediated responses (11, 15) , and hormone-phospholipid interaction was influenced by fatty acid composition (9) . This hypothesis could be further tested by examining the GA3-response of Avena stem segments with different lipid compositions before hormone treatment. One of the most obvious ways by which this could be achieved is by alteration of growth temperature. The degree of unsaturation of fatty acids in the membrane systems of many plants and ectothermic organisms is strongly influenced by the environmental temperature (4, 14) . Exposure to low temperature seems invariably associated with an increase in unsaturation of the fatty acid chains of phospholipids in a wide variety of species at all levels of biological organization. Similar changes in membrane protein have not been found (5, 12) , apart from those occurring as a consequence of changes in the lipid moiety of the membrane in response to the low temperature (17) .
Another method of altering lipid composition is through the use of compounds which are thought to selectively inhibit synthesis of a membrane component. One such component is BASF (4-chloro-5-[dimethylaminoJ-2-phenyl-3[2H]-pyridazinone) ( formerly known as Sandoz 9785), a pyridazinone herbicide which reportedly selectively blocks the synthesis of linolenic acid (18:3), thus producing a decrease in 18:3 accompanied by an increase in linoleic acid (18:2), without a shift in the relative proportion of unsaturated/saturated fatty acids of the tissue lipids (13) . In this capacity, it provides an excellent tool to investigate the importance of the 18:2/18:3 ratio in determining the magnitude of response to GA3.
Thus, the main aim of this study was to use temperature and BASF 13-338 as tools for altering lipid composition, in order to study the effects of such alterations on the responsiveness ofAvena stem segments to GA3.
MATERIALS AND METHODS
Avena sativa (cv Avon) seeds were germinated in Petri dishes and grown (10/pot) in black plastic pots (2.8 L) containing a peat/ sand/mineral nutrients mixture, in controlled environment cabinets at the required temperature, with a photon flux density of 500 ,E/m20 and a 20-h photoperiod. Plants in different temperature regimes were harvested at different times since temperature alters the rates of maturation -and differentiation. Thus, the time required for the oat plants to reach equivalent (i.e. the same stage of the [p-l internode) morphological development was 65 to 70 d at 10°C, 30 to 33 d at 20°C, and 23 to 25 d at 30°C.
Harvesting and preparation of 1-cm stem segments comprising the internode immediately below the peduncular node ([p-l] internode), the basal node ([p-l node), the intercalary meristem portion of the (p-l) internode, and the surrounding leaf sheath base was performed as described previously (6) . In growth response studies, segments were placed horizontally in 10-cm Petri dishes, 5/dish, containing 5 ml of either 0.1 M sucrose (control) or GA3 (at the appropriate concentration) in 0.1 M sucrose. With this amount of solution, segments were not completely submerged, and experienced no 02 shortage. Petri dishes were incubated at 20°C under diffuse room light. Segment growth was measured from the top of the leaf-sheath to the top of the internode, using a mm ruler.
BASF was dissolved in a small quantity of ethanol, and made up to a concentration of6.35 mg 1`with water. Pyridazinone herbicides are readily absorbed by roots (10), so plants were treated by saturating the soil with sufficient solution to replace all the soil water. Control plants were treated with equivalent solutions without the herbicide.
Lipid and sterol extraction and analysis were performed as described previously (6) . All experiments were replicated three times, and data were subjected to one-way analysis of variance. All stem segment growth studies were repeated at least twice. Plants Transferredfrom 10 to 300C. Plants were grown at 10°C until the majority of (p-1) internodes were just beginning their elongation phase, at which time pots were transferred to 30°C, while all other environmental conditions remained unchanged. At the time of transfer, a sample of segments was harvested, a subsample being used for growth studies, while the remainder were extracted and phospholipid composition analyzed. (The sample was not large enough to permit a sterol analysis to be made in this experiment.) A similar sampling was made 48 h after transfer of the plants to 30°C .
The major effect of transfer from 10 to 30°C was a reduction in the linolenic acid (18:3) content of segments (Table I) . Reductions in content of this fatty acid occurred in all the component phospholipids, and reached significance in PE' and PI. On the other hand, increases were observed in the linoleic acid (18:2) content, a significant change occurring in PC. The total fatty acid content and the totals of each phospholipid were not significantly affected by the temperature shift.
Although the ratio of unsaturated/saturated fatty acids seemed to decrease slightly over the 2 d at 30°C (Fig. 1) , the effect was not statistically significant. On the other hand, a very significant increase was observed in the 18:2/18:3 ratio in all of the major phospholipids (Fig. 2) acid profiles of the major phospholipids in stem segments is shown in Table II . The only significant change was a reduction in the level of 18:3, such that the 18:2/18:3 ratio was significantly increased (Table III) . The ratio of unsaturated/saturated fatty acids, on the other hand, was unaffected by the treatment except for PS. Similarly, 4-desmethylsterol composition remained unaffected, the sitosterol/stigmasterol ratio being about 2.3 in both treated and untreated tissue (Table IV) transfer to 10°C) and on day 4 after transfer to 10°C, since the rate of internodal elongation was reduced on transfer to the lower temperature. Once again, a subsample of the segments was used for growth studies, while the remainder were used for lipid analyses.
Plants which had been transferred from 30 to 10°C for 4 d showed some significant differences in the degree of fatty acid unsaturation compared to plants kept at 30°C continuously (Table  V) . Significant decreases were observed in 16:0, 18:1, and 18:2, and an increase in 18:3 following the temperature shift. These changes were reflected in all component phospholipids, but most significantly in PE and PC. Total phospholipid content was also reduced, due mainly to a decrease in PC following cooling. Significant increases were observed in the ratio of unsaturated/ saturated fatty acids of PE, PG, and total fatty acids (Fig. 3) . Once (Table V) , it can be seen that although BASF 13-338 treatment did not maintain the 18:2/18:3 ratio at the level of that in 30°C-grown segments, it was significantly raised above that found in similar plants not treated with BASF 13-338 (Fig. 4) . On the other hand, BASF 13-338 treatment had no significant effect on the ratio of unsaturated/saturated fatty acids when compared with untreated plants (Fig. 3) .
The composition of 4-desmethylsterols remained unaffected by BASF 13-338 treatment and the sitosterol/stigmasterol ratio did not alter significantly (Fig. 5) (8) to cause maximum segment growth in this system. Segments from plants which had been transferred from 10 to 30°C grew to a significantly greater length in response to GA3, than those from 10°C plants (Fig. 6 ). Segments incubated in control solutions of sucrose also showed a small but significant increase in growth after 2 d at 30'C.
Plants Grown at 10°C ± BASF 13-338. Although the 18:2/18:3 ratio of BASF 13-338-treated tissue was much higher than control tissue (Table III) , there was no effect on subsequent growth response to GA3 (Fig. 7) . Segments from both control and BASF 13-338-treated plants responded identically to I ,LM GA3 over the whole period of incubation. Interestingly enough, segments from BASF 13-338-treated plants, when incubated without GA3, grew significantly less than segments from control plants. This is in contrast to the control growth response of segments from plants shifted from 10 to 30°C (Fig. 6) .
Plants Transferredfrom 30 to 10°C. Segments which had been taken from plants kept at 30°C responded to GA3 with significantly greater growth than those from plants transferred from 30 to 10°C for 4 d (Fig. 8) Correlations between Lipid Components and GA3-Induced Growth. In order to assess which parameters of the lipid composition were most closely associated with the GA3-induced growth response of segments, the K. Pearson correlation coefficient (r) was calculated for length of segments after 72 h against the concentration ofindividual lipids in the segment prior to treatment with GA3. Correlations included values from all experiments reported in this paper. Each correlation coefficient was calculated both with and without values from experiments involving BASF 13-338 treatment, and in only one instance (phospholipid/sterol ratio) did these two values differ, though not significantly. Table VI shows correlation coefficients of growth against individual phospholipid, fatty acid, and sterol totals. Although the levels of all phospholipids are correlated positively with growth, the highest correlations, 0.86 and 0.77, occur for PG and PI, respectively. Similarly, the majority of fatty acids are highly correlated with growth, all having r-values greater than 0.70, except for linolenic acid (18:3) which correlates very poorly (r = 0.21). Of the sterols, stigmasterol was the only one with a strong positive correlation (r = 0.76). The degree of correlation of fatty acid totals is reflected to some extent in r-values for component fatty acids of individual phospholipids. Perhaps the highest consistent correlations were found with levels of 16:0 and 18:1, although 16:1, 18:0, and 18:2 were also fairly highly correlated with growth. In each phospholipid except PG, the level of 18:3 was very poorly correlated with GA3-induced growth.
Of the other parameters, high correlations were obtained for the levels of total saturated fatty acids (r = 0.87) and total phospholipid (r = 0.76), as well as the ratio of unsaturated/saturated fatty acids (r = 0.74). The level of total unsaturated fatty acids, total sterols, and the ratio of 18:2/18:3, although not as highly correlated, nevertheless demonstrated high r-values.
In order to test whether the effects of growth temperature and BASF 13-338 treatment were mediated via a change in the number of cells in each segment, longitudinal sections were cut and cell counts made. (Table III) , other factors being unchanged, the growth response of the segment to GA3 was unaffected (Fig. 7) . (Table II) . However, when plants transferred from 30 to 10°C were treated with BASF 13-338, both a significant decrease in 18:3 and a significant increase in 18:2 were observed in stem segments (Table  V) . Thus, these two treatments, although producing similar effects on the 18:2/18:3 ratio, did so in different ways. BASF 13-338 treatment in both experiments decreased the level of 18:3, while the temperature transfer from 30 to 10°C affected the 18:2 level. That the GA3-induced growth of segments was altered when both 18:2 and 18:3 levels changed (Fig. 9) , while growth remained unaffected after a change in only 18:3 level (Fig. 7) , suggested that the level of 18:2 rather than that of 18:3 was the more important in regulation of GA3-induced growth. This conclusion was supported by both the high overall correlation of 18:2 ( = 0.77; Table VI), and the extremely low correlation of 18:3 (r = 0.21) with GA3-induced stem segment growth.
Correlation coefficients of various lipid parameters with GA3-induced growth present an interesting picture (Table VI) . It was not unexpected that total phospholipid content, and consequently the content of the majority of individual phospholipids and fatty acids, was highly correlated with growth. This may simply reflect a lipid requirement for metabolic activity and thus growth potential. However, the consistently low correlation of 18:3 in the majority of phospholipids was interesting, and suggests that 18:3 may be subject to different controls than the other fatty acids. The phospholipid most highly correlated with growth was PG, and the 18:3 component of this phospholipid was the only case where this particular fatty acid had a correlation coefficient greater than 0.5.
The total saturated fatty acid content and the unsaturated/ saturated fatty acid ratio seemed to be important factors in determining the response of the tissues to GA3 (Table VI) . The 18:2/ 18:3 and unsaturated/saturated fatty acid ratios were almost equally correlated with growth. However, these values may merely reflect the extremely high correlation of total saturated fatty acid (r = 0.87). The sitosterol/stigmasterol ratio did not appear to be related to the GArinduced growth in any consistent fashion, and, while stigmasterol is structurally similar to sitosterol but for the presence of a double bond, stigmasterol was highly correlated with GA3-induced growth and sitosterol was poorly correlated. Similarly, 18:2 and 18:3 differ only by the addition of a double bond, yet 18:2 correlates well, while 18:3 correlates very poorly with GA3-induced growth. These observations suggest that GA3 requires specific structural components of membranes to induce maximal growth in this system. It is not yet possible to explain the reasons for the differences between the short-and longer-term responses to GA3 of segments from plants grown at different temperatures. The fact that lipid composition is at least partially a function of growth temperature suggests that, even in the absence of exogenous hormone, membrane properties such as permeability may differ. Also, since 10°C-grown segments have a larger cross-sectional area than 20 or 30°C-grown segments (M. Jusaitis, L. Paleg, D. Aspinall, unpublished data), the 10°C-grown segments would have a larger area of cut surface exposed to the treatment solution, and hence a faster rate of hormone and/or carbohydrate uptake (2) . Also, Cline (1) pointed out that the endogenous hormone level, which is typically affected by temperature (3), may be exerting an effect on the subsequent response of the tissue.
It must be emphasized that the correlations indicated in Table  VI are between lipid components present before hormone application and hormonally induced final length values. It is not known which lipid components would be correlated with the hormonally induced early growth rate values. However, both these hormone responses are influenced by the growth temperature of the plants prior to experimentation. Temperature, in particular, affects membrane composition, and the evidence presented here is that one of the major determining factors in the GA3 response may be the 
